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Abstract 
WO3 nanorod based thin films were deposited via pulsed laser deposition onto conductometric transducers employing 
the shortest wavelength (193 nm) ArF excimer laser. Micro-characterization techniques such as SEM and XRD were 
employed to study surface morphology and crystal structure. It was observed that the fabricated films showed 
nanocolumnar features perpendicular to the surface. Gas sensing characterizations of the developed sensors were 
tested towards hydrogen and ethanol at temperature between room and 400 ºC. The sensor exhibited high response 
towards H2 and ethanol at operating temperatures of 170 and 400 ºC, respectively. 
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1. Introduction 
Tungsten trioxide (WO3) is a popular metal oxide with many interesting electrical, optical, structural, 
and defect properties [1]. It has been extensively employed in applications such as electrochromic devices, 
gas sensors, water splitting and batteries [1]. Some fabrication techniques such as pulsed laser deposition 
(PLD), chemical vapour deposition and anodization were employed to deposit high quality WO3 thin 
films [2-4]. PLD is known to be one of the most reliable and favorable deposition techniques [5]. In PLD, 
wavelength, pulse energy and power of the laser beam are important parameters to tailor the properties of 
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metal oxide thin films. Since high energy photons have higher kinetic energy and produce less thermal 
burst than other lasers, argon fluoride (ArF) excimer laser was chosen to ablate smaller clusters of target 
metal oxides for the improvement of film quality.  
Reliable gas sensors are required to monitor vapour and gas contents in air to maintain health and 
safety standards. Growing concerns have increased over environmental pollution due to emissions from 
different industrial activities as well as monitoring of up to the ppm level of these gases. Therefore, the 
demand for reliable and inexpensive ethanol and H2 sensors operating in wide concentration range is 
extremely high. Furthermore, WO3 is a well known n-type semiconductor which is highly sensitive 
towards both oxidising and reducing gases, making it a promising material for gas sensing applications. 
Nanostructured growth WO3 is known to be a very attractive approach towards applications in ethanol and 
H2 sensing [6]. They provide enhanced surface-to-volume ratios which consequently increases interaction 
of analytes with the surface of the nanostructures. 
2. Experimental Setup 
ArF excimer laser has the wavelength of 193 nm which is the shortest wavelength used for the 
fabrication of semiconductor oxides thin films. By optimizing the deposition parameters, the desired 
surface morphology and crystallinity structures of thin films were achieved. The laser beam path in air 
and target-to-substrate distance was minimized to 67.5 cm and 35 mm due to significant energy loss 
experienced in air by employing ArF laser pulse. The optimum incident laser power was 80 mJ/pulse 
when the laser pulse rate was fixed at 5 Hz. The high vacuum cryo-pump in PLD system was able to 
achieve the base pressure of 10-7 torr. During the deposition, the oxygen pressure was set at 200 mtorr and 
the target was rotated at an angular speed of 9 rpm to obtain uniform films. To enhance the uniformity of 
the film the substrate was also rotated at an angular speed of 5 rpm.  
The samples was annealed for 4 hours at 400 °C with a ramp up/down of 2 °C/min. Annealing was 
performed to enhance the crystal structure of WO3 nanoparticles as well as to eliminate possible 
contamination. Once completed, the gold wires were attached to the samples with silver epoxy and left to 
dry on hot plate at 100 °C for 15 mins. The sensor was then mounted into a custom made gas chamber set-
up connected to computer controlled mass flow controllers (MFCs) and data acquisition system.   
3. Results and discussion 
Micro-characterization studies of the deposited thin films were performed by employing scanning 
electron microscopy (SEM), X-ray diffraction analysis (XRD), and transmission electron microscopy 
(TEM).  
Fig. 1 (a) shows the SEM micrograph of the deposited WO3 thin films. The image revealed that the 
uniform and homogeneous WO3 nanostructured films consist of approximately 50 nm in diameter. An 
XRD analysis (Fig. 1 (b)) shows that the peaks correspond to the monoclinic WO3 [ICDD 83-0947]. The 
study indicates good crystalline formation of the thin film. Further imaging towards the nanostructured 
thin films employing TEM microscope reveals the approximate WO3 nanorod size (Fig. 2). 
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Fig. 1: (a) SEM image of deposited WO3 thin film; (b) XRD pattern of deposited WO3 films 
 
Dynamic response of the developed sensor towards H2 and ethanol (both balanced in synthetic air) at 
170 and 400 °C are shown in Fig. 3. The sensor response (S) toward H2 and ethanol was calculated 
according to the equation, S = Rair/Rgas, where Rair and Rgas are the sensor resistances in air and in the 
presence of the respective gas and vapour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: TEM image of deposited WO3 thin film 
 
Fig. 3 (a) and (b) illustrates the dynamic response of WO3 based sensors towards H2 and ethanol of 
various concentrations.
 
The measured sensor response for the WO3 based sensors towards ethanol of the 
lowest concentration (12.5 ppm) and H2 (0.05 %) are 1.5 and 1.1, respectively.  
4. Conclusions 
The WO3 nanorods were successfully deposited as thin films onto conductometric transducers 
employing PLD with 193 nm ArF excimer laser. The nanostructured thin films were later successfully 
employed as sensitive layers for the development of novel H2 and ethanol sensor. The developed device 
shows excellent sensing performance towards H2 and ethanol at various ppm levels with distinctive 
operating temperatures of 170 and 400 °C, respectively. 
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Fig. 3: Dynamic response of WO3 films exposed towards (a) H2 of different concentrations at 170 °C; (b) 
ethanol of different concentrations at 400 °C  
 
Fast response and recovery with good repeatability along with stable baseline were observed. The 
developed sensors are promising for industrial applications. 
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